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Objective: This study was conducted to provide insight into the safety, applicability, and outcomes of thoracic endovas-
cular aortic repair (TEVAR) with the chimney graft technique.
Methods: Original data regarding the chimney technique in TEVAR in the emergent and elective setting were collected
from MEDLINE, Embase, and Scopus databases. All variables were systematically extracted and included in a database.
Patient and procedural characteristics, details, and outcomes were analyzed.
Results: In total, 94 patients with 101 chimney-stented aortic arch branches were analyzed, consisting of the brachio-
cephalic artery in 20, the left common carotid artery in 48, and the left subclavian artery in 33. Balloon-expandable stents
were used in 36% and self-expandable stents in 64% for the aortic side branch. The interventions were elective in 72% and
emergent in 28%. Technical success was achieved in 98% in elective and emergent settings combined. Endoleaks were
described in 18%; with type Ia being most frequently reported in 6.4% overall and in 6.5% in the elective setting. Stroke
was reported in 5.3% of the patients, of which 40% were fatal. The overall perioperative mortality was 3.2%. Median
follow-up time was 11 months, and chimney stents remained patent in all patients.
Conclusions: TEVAR with the chimney technique is a viable treatment option and may expand treatment strategies for
patients with challenging thoracic aortic pathology and anatomy in the emergent and elective setting. Patency of the
thoracic chimney stents appears to be good during short-term follow-up. Other complications, such as endoleak
and stroke, deserve attention by future research to further improve treatment strategies and the prognosis of these
patients. (J Vasc Surg 2013;58:502-11.)Thoracic endovascular aortic repair (TEVAR) is still
increasing and is considered a safe and viable treatment
option in properly selected patients with descending
thoracic aortic pathology.1,2 However, the currently avail-
able endovascular grafts can only be used in patients who
meet several strict anatomic criteria, thus limiting their
use in a large subset of patients.
One of the most common problems in treating aortic
arch pathologies is a short proximal landing zone.3 A prox-
imal landing zone of sufﬁcient length and quality has to be
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://dx.doi.org/10.1016/j.jvs.2013.03.043proximal ﬁxation, while at the same time vital aortic arch
side branches must be preserved.4 Custom-made, single-
branched, or multibranched aortic stent grafts have been
used, but these devices are not applicable in time-
sensitive settings.5,6
To further expand the applicability of endovascular
repair of aortic arch and descending aortic pathology, alter-
natives have been proposed, such as the ‘‘chimney graft’’
technique, which involves placement of stents in side
branches of the aorta alongside the main endovascular stent
graft.7,8 These techniques are also described as the
snorkel,9 double-barrel,10 or sandwich technique.11 The
periscope technique, where the stent graft is placed distally
from the main aortic stent graft, is another variant of the
chimney technique.12
One advantage of the chimney technique is that readily
available, on-the-shelf stents can be used. When these stents
are placed in the side branches parallel to the aortic stent
graft, a prolonged proximal landing zone can be created,
and continued perfusion of the aortic side branches can
be maintained. However, the use of these chimney grafts
is not deﬁned in the instructions for use (IFU) of these
devices and so the use is off-label. To protect the safety of
patients, it is important to have a critical look at the use of
the chimney technique before it becomes a widely accepted
intervention in the elective setting.
Fig 1. Flowchart shows article selection for thoracic endovascular
aortic repair (TEVAR) with the chimney technique.
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derived from their use in the emergent setting. Chimney
graft use in the emergent setting is becoming widely
accepted as a useful technique, although long-term results
are not yet published. Elective TEVAR with the chimney
technique is used more often and is a potential new tech-
nique to replace hybrid repair for thoracic aortic diseases,
but evidence for good results in the elective setting is still
lacking. To improve the prognosis of patients after TEVAR
with the chimney technique, more insight into the safety,
applicability, and outcomes is necessary. It is important to
determine the complications that have been reported for
the speciﬁc type of complication and if the chimney tech-
nique is a safe technique for all the aortic arch side
branches. The purpose of this study was to perform
a meta-analysis of all available data regarding TEVAR
with the chimney technique in general and in the elective
setting speciﬁcally.
METHODS
Literature search. MEDLINE, Scopus, Embase, and
the Cochrane Database were searched, without date limit,
through October 2012. MEDLINE was searched through
the PubMed search engine with the following search string:
(Title/Abstract) “chimney” or “chimneys” or “periscope”
or “periscopes” or “snorkel” or “snorkels” or “barrel” or
“barrels” or “parallel” or “sandwich” or “sandwiches”
and “aorta” or “aortic” and “intraluminal” or “intravas-
cular” or “endovascular” or “endograft” or “endografts”
or “stentgraft” or “stentgrafts” or “stent” or “stents” or
“graft” or “grafts.” This resulted in a selection of 189 arti-
cles. The other databases were searched with similar search
strings. There were no limitations on the search.
Selection of articles. All titles and abstracts were
screened for relevance by two independent authors who
used speciﬁc predeﬁned criteria: articles were included if
(1) the indication for endovascular treatment involved
aortic arch pathology, (2) the chimney graft technique
was used in one or more of the thoracic aortic side
branches, and (3) one or more outcome variables were re-
ported. Articles were excluded if they did not describe use
of the chimney technique in the thoracic aorta, such as arti-
cles that were limited to patients in whom the chimney
graft technique was used in the abdominal aortic side
branches only. This resulted in a selection of 55 remaining
articles of 698 screened.
Full-text versions of these 55 articles were obtained and
were completely read and evaluated for the inclusion and
exclusion criteria. In addition, the references of these arti-
cles were screened for any missing relevant articles. No
language or publication date restrictions were applied.
After appraisal of the full-text versions for clinical relevance,
based on the inclusion and exclusion criteria, a ﬁnal selec-
tion of 20 articles remained10,13-31 (Fig 1).
Data extraction. Two independent authors extrac-
ted the data from these 20 articles. The variables that
were extracted included author, year of publication, study
type, total number of patients in the study, age, sex,comorbidities (coronary artery disease, hypertension,
hyperlipidemia, diabetes mellitus, chronic obstructive
pulmonary disease, and chronic renal insufﬁciency),
surgical history, symptoms, indication for aortic repair,
elective or emergent procedure, procedure type, and access
vessel; length, diameter, and deployment zone of main
body aortic stent graft; type, access vessel, length, diameter,
and involved aortic side branch of deployed chimney stent;
and additional surgical procedures (including revasculariza-
tion with bypass), technical success, duration of hospitaliza-
tion in days, follow-up period in months, imaging
modalities and results during follow-up, postoperative
antiplatelet or anticoagulant medication, chimney graft-
related complications, occurrence of endoleak, type of
endoleak, perioperative or early (<30 days) morbidity and
mortality, and morbidity and mortality during follow-up.
Statistical analysis. Data were analyzed with SPSS
19.0 software (SPSS Inc, Chicago, Ill). Continuous vari-
ables are given as mean 6 standard deviation, and follow-
up time is presented as median and interquartile range
(IQR). For age, a pooled standard deviation was performed
to calculate the mean age (6 standard deviation) for the
whole group. For creation of a publication-date graph,
hazard analysis was performed.
RESULTS
The original data of 94 patients who underwent
a thoracic chimney procedure were identiﬁed from the 20
Fig 2. Patients with thoracic endovascular aortic repair (TEVAR)
and chimney procedure by publication date in years.
Table I. Availability of information for data extractiona
Variable
Patients,
No. (%)
Characteristics
Date of publication 94 (100)
Age 80 (85)
Indication for procedure 78 (83)
Sex 72 (77)
Symptoms 5 (5.3)
Comorbidities
Hypertension 40 (43)
Coronary artery disease 16 (17)
Hyperlipidemia 7 (7.4)
Chronic obstructive pulmonary disease 7 (7.4)
Diabetes mellitus 5 (5.3)
Chronic renal insufﬁciency 4 (4.3)
Other comorbidities 16 (17)
Smoking 15 (16)
Surgical history 9 (9.6)
Endovascular aortic stent grafts
Proximal zone of stent graft placement 94 (100)
Access vessel for aortic stent graft 71 (76)
Stent graft
Type 61 (65)
Diameter 31 (33)
Length 16 (17)
Chimney stent grafts
Total number of chimneys 94 (100)
Chimney branch placement 94 (100)
Access vessel chimney graft 86 (92)
Balloon- or self-expanding 82 (87)
Chimney grafts
Type 77 (82)
Diameter 49 (52)
Length 44 (47)
Procedure variables
Bypass used 86 (92)
Elective or emergent procedure 86 (92)
Peri-op and post-op outcomes
Technical success 94 (100)
Patency 94 (100)
Endoleak 94 (100)
Complications/outcome 94 (100)
Mortality 94 (100)
Imaging for follow-up 86 (92)
Length of follow-up speciﬁed 52 (55)
Post-op medication(s) 32 (34)
Length of hospitalization 17 (18)
aPresented are the number (%) of patients for which the article explicitly
described information about the predeﬁned variable.
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94 patients. Table I reports the availability of data reported
by the articles per variable. Fig 2 shows the distribution of
reported cases of TEVAR with the chimney technique by
year of publication. An increasing trend of reported cases
can be seen during the most recent years.
Patient characteristics and procedure indications.
The mean reported age was 63 6 17 years (range, 9-
85 years), and 78% of the patients were male. The presence
of hypertension was explicitly described for 40 patients
(43%) but was not necessarily the etiology of the disease
being treated. Smoking was described in 15 patients (16%).The indication for TEVAR was reported in 78 patients
(83%), and the two most common indications were
thoracic aortic aneurysms in 31 (33%) and aortic dissec-
tions in 27 (29%). Less frequent indications were traumatic
aortic transections in seven (7.4%), penetrating atheroscle-
rotic ulcers in six (6.4%), and other indications in seven
(7.4%), including, in one patient each, aortoesophageal
ﬁstula, aortotracheal ﬁstula, mobile aortic arch thrombus,
stent graft migration, type I endoleak after initial TEVAR,
accidental left common carotid artery (LCCA) occlusion
due to misplaced scallop for chronic type B dissection,
and in two patients, a short neck without speciﬁcation of
underlying aortic pathology.
Seven (23%) of all thoracic aortic aneurysms were
ruptured. The incidence of rupture in patients who pre-
sented with thoracic aortic dissections was lower, at 7.4%
(n ¼ 2).
Types of stent grafts and chimney grafts. The type
of stent graft used for TEVAR was described in 61 patients,
with the length described in 16 patients (144 6 39 mm)
and the diameter in 31 (35 6 6.4 mm). The most used
stent graft was the Gore TAG endoprosthesis (W. L.
Gore & Assoc, Flagstaff, Ariz) in 26, followed by the
Zenith TX2 endograft (Cook Medical Inc, Bloomington,
Ind) in 20. The Hercules (Microport Medical, Shanghai,
China), Relay (Bolton Medical, Sunrise, Fla), Valiant
(Medtronic Inc, Minneapolis, Minn), and Talent (Med-
tronic Inc) stent grafts were used less frequently.
Detailed information about the type of chimney graft
was available in only 77 patients, with the length of the
graft reported in 44 patients (476 14 mm) and graft diam-
eter in 49 (10 6 2.7 mm). The most used chimney graft
was the Fluency stent (Bard Peripheral Vascular, Tempe,
Ariz) in 16, followed by the Sinus stent (Optimed
GmbH, Ettlingen, Germany) in 12, and the Advanta
V12 stent (Atrium Medical Inc, Hudson, NH) in 11.
Self-expandable chimney stents were used in 56 patients
(64%), whereas the remainder of patients had balloon-
expandable stents.
Table II. Total number of bypasses and transpositions in
elective vs emergent chimney procedures
Variable
Type of bypass/transposition
Total,
No.
No bypass,
No.
RCCA-
LCCA,
No.
LCCA-
LSA,
No.
RCCA-
LCCA-LSA,
No.
Elective 47 2 4 9 62
Emergent 18 0 5 1 24
Total 65 2 9 10 86
LCCA-LSA, Left common carotid artery-left subclavian artery bypass/
transposition; RCCA-LCCA, right common carotid artery-left common
carotid artery bypass; RCCA-LCCA-LSA, right common carotid artery-left
common carotid artery-left subclavian artery bypass/transposition.
Table III. Deployment branch of chimney graft per
aortic arch zone
Chimney graft placement
Endovascular aortic
stent graft placement
Total,
No.
Zone 0,
No.
Zone 1,
No.
Zone 2,
No.
BCA 20 0 0 20
LCCA 4 44 0 48
LSA 1 0 32 33
Total 25 44 32 101
BCA, Brachiocephalic artery; LCCA, left common carotid artery; LSA, left
subclavian artery.
Fig 3. Placement of chimney graft (CG) is shown in relation to
the stent graft deployment zone. BCA, Brachiocephalic artery;
LCCA, left common carotid artery; LSA, left subclavian artery.
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bypasses. Data on stent graft placement and additional
surgical revascularization procedures, including bypass,
were available for 86 patients; of these, 62 interventions
(72%) were elective and 24 (28%) were emergent. Results
speciﬁed for the patients who were treated with the
chimney technique in the elective setting are described
in detail at the end of the Results section. In 15 (24%)
of the elective chimney graft procedures, an additional
surgical revascularization with a bypass was performed.
A comparable percentage (25%) was reported for the
24 emergent cases (Table II). The most commonly
performed surgical procedures were left carotid-
subclavian bypass/transposition in nine (43%), and
carotid-carotid-subclavian bypass/transposition in 10
(48%). In two patients, only a carotid-carotid bypass was
described, with intentional coverage by the stent graft of
the left subclavian artery (LSA). An additional three
bypasses were reported, with no further speciﬁcation of
the type of bypass. Overall mortality in the bypass group
was lower, at 4.2% (n ¼ 1), compared with 11.3% (n ¼ 7)
in patients who did not receive a bypass. However,
overall morbidity was higher in the group who received
bypasses, with endoleaks in 33% vs 11.3% and stroke in
8.3% vs 3.2% for patients with and without bypass,
respectively.Placement of main aortic stent graft and chimney
graft. A total of 101 chimney grafts were used in 94
patients. As expected, most of the chimney grafts were
placed in the aortic side branches, which were covered by
the aortic stent graft. In ﬁve patients, more than one side
branch was treated with a chimney stent graft, and
a more distal branch (LCCA in four or the LSA in one)
was used for a second chimney graft to maintain the blood
ﬂow to these vessels. In one patient, there was total endo-
vascular thoracic aortic arch debranching because all
thoracic aortic side branches were chimney-stented. In
two patients with chimney grafting of the brachiocephalic
artery (BCA), chimney stent grafts were used that extended
from the BCA all the way into the right subclavian and
right common carotid arteries distally.
Twenty chimney grafts were deployed in the BCA, 48
in the LCCA, and 33 in the LSA (Table III; Fig 3). Tech-
nical success was established in all but two patients (98%),
one each in the elective and emergent settings. Persistent
endoleak, requiring direct reintervention, was the cause
of failure in both patients. Conversion of open repair
with arch replacement was performed in one patient, and
the second patient was immediately treated endovascularly
by crushing the LSA chimney stent.
Follow-up, imaging, and patency. Length of follow-
up was reported in 52 patients (55%), and the median
follow-up time was 11 months (IQR, 2.5-15 months).
Imaging during follow-up was described for 86 patients.
Computed tomography angiography was used in 85 (99%).
In a report of a 9-year-old boy who was treated with
TEVAR combined with the chimney technique for
a mycotic ascending aortic aneurysm as bridge to deﬁnitive
open surgery, chest radiography and carotid duplex ultra-
sound imaging were used to evaluate the chimney graft
conﬁguration and carotid patency after 1 year.25 In all re-
ported cases (n ¼ 94), the chimney grafts remained patent.
Complications. During follow-up, 28 complications
were reported in 26 patients. Three patients died, for a re-
ported perioperative mortality of 3.2%, of which two
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Fig 4. Endoleaks ordered by type.
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patient died 7 days postoperatively of “progressive cardiac
insufﬁciency”; unfortunately, no further details were
provided in this report.
Eight patients died, for an overall mortality, including
during the follow-up period, of 8.5%. The causes of death
in four (50%) patients with a fatal course were not related
to the device or to their aortic pathology, consisting of
pulmonary cancer in one, progressive cardiac insufﬁciency
in one, and “non-device- or aneurysm-related causes” not
further speciﬁed in the report in two. Two patients (25%)
died because of a chimney-related stroke, and the cause
of death for two patients (25%) was not further described,
and so whether these were related is unknown.
Of the 28 complications, the most frequently encoun-
tered were endoleaks, occurring in 17 (61%). Strokes
occurred in ﬁve patients (18%). Other complications
included contained rupture in two, and in one patient
each, non-ST segment elevation myocardial infarction,
hemorrhage due to iliac artery rupture, pseudoaneurysm
of brachial artery, and a heavily calciﬁed femoral artery
that required surgical repair with a patch.
Overall, endoleaks were reported for 18% of the
patients. Of these endoleaks, 10 were a type I endoleak
(type Ia in six and type Ib in two), unspeciﬁed type I in
two, type II in four, and the remaining were unspeciﬁed
(Fig 4).
More detailed information about complications in rela-
tion to the type of chimney graft was available in 22
patients (Table IV). Six of these 22 complications occurred
with BCA chimney grafting, 13 with LCCA chimney graft-
ing, and three complications were reported with LSA
chimney grafting. Compared with the overall numbers of
chimney grafts, complications were reported in 30% (6 of
20) of BCA chimney grafts, in 27% (13 of 48) of LCCA
chimney stents, and in 9.1% (3 of 33) of the LCA chimney
stents.
Five of the 17 endoleaks resolved spontaneously during
follow-up, six required reintervention, of which three(50%) had coil embolization, and one was still present at
the moment of report and waiting for reintervention.
Treatment after endoleak was not described for ﬁve
patients.
Elective setting. Treatment was in an elective setting
for 62 patients (74% male), with a mean reported age of
65 6 18 years (range, 9-85 years), and 69 chimney grafts
were placed. Bypass procedures were performed in 15
(24%) of the elective cases, and technical success was
achieved in all of these patients except one. Sixteen
chimney grafts (23%) were deployed in the BCA, 31
(45%) in the LCCA, and 22 (32%) in the LSA.
Length of follow-up was reported in 33 patients, and
the median follow-up time was 10.5 months (IQR,
1-12 months). At the time of the last follow-up, 100% of
the chimney grafts were patent.
Complications in the elective setting. Fourteen
complications (23%) were reported during follow-up of
the 62 patients treated with the chimney technique in
the elective setting. Reported 30-day mortality was 3.2%
(n ¼ 2), and both deaths were caused by procedure-related
stroke. Overall mortality, including the follow-up period,
was 4.8% (n¼ 3). The third patient died after 30 months of
“non-device- or aneurysm-related causes,” not further
speciﬁed in the report.13
Of the 14 complications, endoleaks were the most
frequent complications, reported in 11 (79%), and the
other three complications (21%) were strokes. Overall,
endoleaks were reported for 18% of the patients in the elec-
tive setting. Of these endoleaks, four (6.5%) were a type Ia
endoleak, one (1.6%) was a type Ib endoleak, three (4.8%)
were unspeciﬁed type I, and three (4.8%) were type II
endoleak. Five of the 11 endoleaks resolved spontaneously
during follow-up, and four required reintervention, of
which three (75%) had minimally invasive coil emboliza-
tion. The management or outcome were not described
for two patients.
In total, a complication occurred in 44% (7 of 16) of
the interventions where the chimney graft was placed in
the BCA (six endoleaks and one stroke). This was lower
for the LCCA, at 22% (ﬁve endoleaks and two strokes in
31 interventions). No complications occurred in the 22
patients where the chimney graft was placed in the LSA.DISCUSSION
The results of this meta-analysis indicate that TEVAR
with the chimney technique appears to be a viable option
for treatment of patients with thoracic aortic pathologies,
for emergent as well as elective settings. After a median
follow-up of 11 months, chimney stents remained patent
in all patients. Technical success was achieved in 98%.
Endoleaks were described in 18%, with type Ia being the
most frequently reported, at 6.4% for the total group and
at 6.5% for patients in the elective setting. Overall, nearly
50% of these endoleaks required no reintervention or mini-
mally invasive coil embolization. In the elective setting
speciﬁcally, this was >73%.
JOURNAL OF VASCULAR SURGERY
Volume 58, Number 2 Hogendoorn et al 507TEVAR with the chimney technique is a relatively
new procedure and is performed in many different insti-
tutions; therefore, the collection of original data repre-
senting a large cohort of patients with TEVAR using
the chimney technique is challenging. These complex
procedures are frequently not included in large registries
because they do not fulﬁll the inclusion criteria of the
thoracic pivotal trials. This is largely because the IFU
for these devices do not deﬁne their use as chimney
grafts, and so the use is off-label. The largest group of
patients with TEVAR using the chimney technique that
has been presented previously consisted of only 15
patients.30
The approach presented here has several limitations.
Data collection was restricted to information available in
the existing literature, and information about many vari-
ables could not be retrieved for all of the patients. Regret-
tably, this is inherent to meta-analyses in general; for
example, data regarding type of chimney graft, balloon,
or self-expandable were only available for 87% of patients,
and this parameter may signiﬁcantly affect the mechanism
of complications.
Furthermore, length of follow-up varied between the
reviewed cases and articles, as well as the type, accuracy,
and frequency of follow-up. Description of imaging during
follow-up was available in 92%, but length of follow-up was
speciﬁed in only 55%. However, with a median follow-up
of 11 months, and most complications likely occurring
during the ﬁrst weeks after initial intervention, the short-
term results are acceptable. Outcomes for the long-term
patency rates must show the long-term results.
Repair of the thoracic aorta remains challenging. As
off-the-shelf options for branched or fenestrated thoracic
grafts become available, the use of the chimney technique
will obviously decrease. Depending on geography and the
local regulatory environment, these off-the-shelf options
may not be available for several years. In the interim,
chimney grafts will remain a useful intervention option in
the treatment of these anatomically difﬁcult patients, espe-
cially in the emergent setting to treat life-threatening situ-
ations. However, as shown in this meta-analysis, the
chimney technique could also provide a viable option in
the elective setting in the treatment of thoracic aortic
diseases.
The hybrid repair or two-staged open-endovascular
repair has traditionally been an option that combines the
advantages of the open and endovascular approaches and
has shown reasonable results. First, an open debranching
of the aortic arch side branches is performed, and after-
ward, endovascular stenting of the thoracic aorta is per-
formed. Donas et al32 reported in their meta-analysis
technical success of 100%, patency of 97.8%, and an overall
endoleak rate of 20.6%, after a mean follow-up of
14.5 months, which is all comparable with results of the
chimney technique in the current meta-analysis. However,
50% of all the endoleaks were type I (in total, 10.3% of all
the patients), which was higher than for the chimney tech-
nique. Excellent results were described for procedure-related neurologic deﬁcits, which did not occur during
the subsequent follow-up. However, the early and long-
term mortality risks were high, at 15.5%.
Another more recent review by Antoniou et al33
showed similar results, with a type I and III endoleak
rate of 9%, perioperative mortality of 9%, and a stroke
rate of 7%. However, the overall technical success was
86%, which was low. A possible explanation for this low
technical success is in the deﬁnition. Should slow-ﬂow peri-
operative endoleaks that resolve be counted as technical
failures? There are no clear guidelines or deﬁnitions, and
because of this, comparing each variable directly becomes
more complex. Overall, hybrid repair and TEVAR with
the chimney technique show similar results and seem to
be equally safe and effective in the elective setting. The
chimney technique could potentially replace the hybrid
technique in speciﬁc patients in the future, depending on
anatomy and comorbid conditions.
The upcoming branched and fenestrated stent graft
intervention has several advantages, such as the minimally
invasive insertion and the potentially lower risk for stroke,
but the disadvantages include the high costs, higher
contrast and radiation use,34 and that the stent graft
must be custom made, which will lead to prolonged wait-
ing time of 4 to 6 weeks.35 The results in small series and
case reports are promising, but long-term results and larger
studies are needed to prove equality or superiority over
hybrid repair and the chimney technique.
Endoleaks, and especially type Ia endoleak, are often
described as the Achilles’ heel of the chimney technique.
The placement of the chimney graft along the thoracic
endograft increases the risk for type Ia endoleak, compared
with TEVAR without the chimney technique, by creating
gutters next to the chimney graft and affecting a good
proximal seal, which can potentially lead to nonresolving
type Ia endoleak. However, the relatively low total endo-
leak incidence of 18% is promising. The type Ia endoleak
risk of 6.4% in the total group and 6.5% in the elective
setting is also promising, and to highlight these results
even more, many of these endoleaks spontaneously
resolved during follow-up or could be treated with mini-
mally invasive coil embolization. In the elective setting,
only one type Ia endoleak needed an additional stent graft
placement. This total endoleak risk is comparable with
endoleak risks described for TEVAR without the chimney
technique.
Morales et al36 evaluated 200 thoracic aortic aneurysms
treated with TEVAR and found an overall endoleak rate of
19.5% during a mean follow-up period of 30 months.
Parmer et al37 reported an overall endoleak incidence of
29% after a mean follow-up of 17.3 months in 69 patients
after TEVAR, although the type Ia endoleak rate was only
3.8%, which was remarkably low. The lower endoleak rate
in their study could be due to the variance of diseases in our
meta-analysis, where in Parmer et al, only patients with
thoracic aortic aneurysms were treated with TEVAR. Alsac
et al38 reported an endoleak rate of 19.4% in 67 patients
after a mean follow-up period of 27 months. A possible
Table IV. Complications detailed per patient
Complication
Sex/
age,
years Comorbidities Indication Elective
Stent graftsa
(type and size)
Type 1a EL14 M/70 CAD, HT,
HL, DM,
CRI, SMK
Asymptomatic 7-cm saccular
aneurysm of aortic arch
Yes Gore TAG 150  27
Type 1a EL27 M/69 NA Ruptured arch aneurysm No Gore TAG 37
Type 1a EL27 M/65 NA Ruptured descending TAA Yes Cook Thoracic SG 40
Type 1a EL23 M/83 HT, HL Thoracic aneurysm Yes Gore TAG 200  40
Type 1a EL24 NA NA Ruptured arch aneurysm with
short neck
Yes Zenith 40
Early type Ia EL/acute
dissection after 2 months15
M/35 CAD Stanford type B dissection No Gore TAG
Type 1b EL after 2 months15 F/64 NA Thoracic 9.5-cm pseudoaneurysm Yes Gore TAG
Type 1b EL at 5 months15 F/39 NA Traumatic transection No Talent
Early type I EL22 NA NA Short neck Yes Unknown
Persisting type I EL18 F/40 CAD, HT SG migration þ EL after TEVAR No Zenith TX2
Early minor type II EL20 M/78 HT TAA, 58-mm wide Yes Gore TAG
Type II EL26 NA HT Acute non-A, non-B aortic dissection Yes Hercules 140x34
Type II EL26 F/29 HT Acute non-A, non-B aortic dissection Yes Hercules 160x34
Stroke due to pre-existing
chronic occlusion
of RCCA24
NA NA Ruptured TAA; accidental covering
of LCCA
Yes Zenith 42
Lethal stroke due to chronic
RICA occlusion27
M/76 NA Ruptured descending TAA Yes Cook Thoracic SG 42
Stroke and death15 M/85 HT, CAD,
CRI, DM
Thoracic aneurysm, 7.5 cm Yes Gore TAG
Contained rupture24 NA NA Expanding type B dissection;
misplaced scallop for LCCA
No Zenith 46
Contained rupture and
transient paraplegia27
M/48 NA Accidental CCA occlusion due to
misplaced scallop
No Cook Thoracic SG
Pseudoaneurysm of
brachial artery18
M/61 CAD, HT TAA No Zenith TX2
Heavily calciﬁed
femoral artery18
M/62 HL Penetrating aortic ulcer No Valiant
Hemorrhage from
iliac rupture27
F/47 NA Acute type B dissection, end-organ
ischemia
No Cook Thoracic SG 30
Non-STEMI15 M/77 CAD, HT Aortotracheal ﬁstula and chronic
type B dissection
No Gore TAG
BCA, Brachiocephalic artery; BE, balloon-expandable stent; CAD, coronary artery disease; CCA, common carotid artery; CRI, chronic renal insufﬁciency;
DM, diabetes mellitus; EL, endoleak; F, female; FU, follow-up;HL, hyperlipidemia;HT, hypertension; LCCA, left common carotid artery; LSA, left subclavian
artery; M, male; NA, not available; RCCA, right common carotid artery; RICA, right internal carotid artery; SE, self-expandable stent; SG, stent graft; SMK,
smoking; STEMI, ST elevation myocardial infarction; TAA, thoracic aortic aneurysm; TEVAR, thoracic endovascular aortic repair.
aStent manufacturers: Advanta; Atrium Medical Corp, Hudson, NH; Excluder; W. L. Gore and Associates, Flagstaff, Ariz; Fluency; Bard, Murray Hill, NJ;
Gore Tag; W. L. Gore and Associates; Hercules; Microport Medical, Shanghai, China; Jograft; Abbott Vascular, Abbott Park, Ill; Luminexx; Bard Peripheral
Vascular, Inc. Tempe, Ariz; Palmaz; Cordis Corp, Miami Lakes, Fla; SMART; Cordis Corp, Bridgewater, NJ; Talent; Medtronic Inc, Minneapolis, Minn;
Wallstent; Boston Scientiﬁc, Natick, Mass; Zenith; Cook, Bloomington, Ind.
JOURNAL OF VASCULAR SURGERY
508 Hogendoorn et al August 2013explanation for this comparable outcome for TEVAR with
the chimney graft technique is the expansion of the prox-
imal landing zone. Although the median follow-up time
in this meta-analysis is shorter, the results in the current
analysis appear to indicate that most endoleaks occur in
the ﬁrst weeks after the intervention.
Another important observation is that the chimney
stents remained patent in all patients in our meta-analysis.
Moulakakis et al39 reported in their meta-analysis an overall
patency of 97.8% (n ¼ 134) for the chimney technique for
EVAR after a mean follow-up of 9 months. They notedthree thrombosed chimney grafts in the abdominal aorta
(two renal arteries, one superior mesenteric artery) in three
different patients. A possible explanation for the higher
patency in the thoracic aortic branches is that it may be
caused by the smaller diameter of the stented branches in
the abdominal aorta, potentially leading to a higher risk
of thrombosis. The higher blood ﬂow velocity in the
thoracic aorta may also contribute to the higher observed
patency of the thoracic chimney stents.40
Regarding the lethal complications in this study, two
patients died of stroke in the postoperative period. In
Chimneya (type and size)
Chimney
branch Bypass
FU,
months Management/outcome
SE Luminexx 40  12 þ SE
12  60 Wallstent
BCA RCCA-LCCA-LSA 10 Resolved after reversal of heparin
anticoagulation
SE Zenith  18þ SE
Wallstent 90  14
BCA RCCA-LCCA-LSA 3 Wait for treatment
SE Zenith  14 þ SE
Wallstent 60  16
BCA RCCA-LCCA-LSA 24 Coil embolization
SE Excluder iliac
extender 70  14.5
BCA RCCA-LCCA-LSA NA Disappeared after coiling
SE Zenith  12 BCA RCCA-LCCA 1.6 Coil embolization
BE 37  9 LSA None 2 Crushing of stent, open surgical repair
BE 56  8 BCA RCCA-LCCA 2.3 Additional SG
BE 37  9 LSA None 5 Unknown
SE SMART bare stent LCCA None 6 Resolved during follow-up
BE Advanta LCCA LCCA-LSA NA Arch replacement
BE stainless, Palmaz-Genesis LCCA LCCA-LSA 0.7 Resolved in 3 weeks
SE Fluency 60  8 LCCA None 15 Resolved after 2 weeks
SE Fluency 60  8 LCCA None 11 Resolved after 11 months
BE Advanta  9 LCCA None 0 Permanent right-sided weakness
þ dysarthria
BE Advanta 38  10 LCCA None 0 Died
BE 10  37 LCCA LCCA-LSA 5 Died
SE Luminexx  10 LCCA LCCA-LSA 2 Successful open arch reconstruction
BE Advanta 38  9 þ SE
Fluency 38  10
LCCA None 25 Conversion to open repair
BE Advanta LSA None 10 Surgical repair
BE Genesis LCCA LCCA-LSA 4 Repaired with patch
BE Jograft 28  9 LCCA None 54 Open repair
BE 37  7 LCCA LCCA-LSA 25 NA
Table IV. Continued.
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during TEVAR for a symptomatic 7.8-cm thoracic aortic
aneurysm. Two days after TEVAR, the patient was extu-
bated and had a profound neurologic deﬁcit, and CT
showed embolic infarcts to bilateral hemispheres caused
by embolization from his aorta. In the second patient,
the LCCA was chimney-stented, but this patient sustained
a lethal intraoperative stroke due to a chronic occluded
right internal carotid artery, which was not known by
the proceduralists at the time of the intervention. One
important lesson from this case is the importance of carefulevaluation of the carotid arteries during the preoperative
work-up, before the chimney technique is applied.
Other important ﬁndings in this meta-analysis are the
higher rate of complications and endoleaks when the
BCA or LCCA are stented compared with the LSA only
(30% and 27% vs 9.1%). In the patients treated in the elec-
tive setting, the difference is even more noticeable: compli-
cations occurred in 44% if the BCA was chimney-stented,
22% in the LCCA, and no complications were reported
for the elective setting if only the LSA was involved. This
could be because in most patients where the BCA or
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portion of the thoracic aorta. This may be an indicator of
patient disease and could potentially be related to the
patient’s overall condition, ultimately contributing to
a higher incidence of complications if more proximal aortic
side branches are involved during the chimney procedure.
Another possible explanation is that the BCA and LCCA
perfuse more vital areas, such as the brain, that are less
“forgiving” than the areas perfused by the LSA.
In addition, patients with more proximal disease
required on average more chimney stents or more addi-
tional surgical revascularization procedures, resulting in
an overall increased complexity of the procedure, which
may also have contributed to a higher risk of complications.
The results in this meta-analysis show that chimney grafts
placed in the LSA are a viable option in the elective setting
and could be used to treat thoracic aortic diseases in which
coverage of the LSA is required. Future studies must focus
on the use of the chimney graft in different side branches of
the aortic arch.
This meta-analysis identiﬁed 16 different stents that
were used for chimney stenting. The numbers for each
type of stent were not sufﬁcient to allow for reliable
comparisons. The complication and endoleak rates of the
balloon-expandable and self-expandable stents were nearly
the same, at 16% and 20%. Both have advantages and
disadvantages: the balloon-expandable stent is more accu-
rate for placement and has a greater radial force, but the
self-expandable stent is more ﬂexible and may therefore
potentially cause less vessel trauma. Future research may
provide more insight in outcomes by chimney stent type.
Future research should also focus on long-term results
and long-term patency of these chimney stents. Further-
more, it will be interesting to evaluate the chimney tech-
nique in the different side branches and for different
indications to further explore the safety of these chimney
stents. Finally, we would like to encourage authors to
include more speciﬁc device and procedural information
in their articles, including the diameters of the aorta,
endografts, and chimney stent grafts, because this is lacking
in most of the reports and will enable faster identiﬁcation of
factors that may improve the technique and outcomes.
CONCLUSIONS
TEVAR with the chimney technique is a viable and
relatively safe treatment for patients with challenging
thoracic aortic pathology in emergent and in elective
settings. The relatively high success rate, low complication
rate, and good patency of chimney stents during follow-up
may contribute to further development of the chimney
technique. Complications such as endoleak and stroke
deserve attention by future research to further improve
treatment strategies and the prognosis of these patients.
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